Abstract: Wireless Sensor Networks (WSNs) comprise a huge number of tiny devices with restricted energy sources. Once installed, these nodes are generally unapproachable, thus auxiliary energy supply is not possible. Therefore, energy proficiency is a crucial design issue in WSNs. So, the energy efficiency is improved to extend the network lifetime. So as to decrease the energy usage of nodes and prolong the lifetime of network, a cluster-based routing algorithm with Particle Swarm Optimisation (PSO) is proposed in this paper. This proposed algorithm improves the cluster head (CH) election method as it deals with the residual energy of nodes and distance to sink node. It optimises CH selection by PSO. The conventional clustering schemes like LEACH and centralised version of it (LEACH-C) achieve better results in preserving the energy consumption. Thus, we compare our proposed algorithm with LEACH and LEACH-C. Simulation results confirm that proposed algorithm outperforms the LEACH and LEACH-C.
Introduction
Wireless Sensor Networks (WSNs) are composed of numerous sensor nodes with limited energy, memory, and computation capabilities (Akyildiz et al., 2002) . WSNs have been used in various fields like: environment monitoring, target tracking, forecasting, remote control of hazardous regions, and battlefield surveillance (Romer and Friedemann, 2004) . In such situations, it is very tough to exchange dead nodes with new nodes to provide energy for WSN (Sohraby et al., 2007; Yick et al., 2008) . The life of sensor nodes is the main thing that directly influences the lifetime of system. Thus, sensor nodes should be kept working as much as possible. Because energy usage of sensor nodes mostly arises from large distance data communication along with routing path, a competent routing scheme will have enormous effect on energy utilisation (Kumar et al., 2012; Zhou et al., 2010) . Thus, designing of energy efficient routing protocol becomes a challenging area of WSNs. Therefore, several protocols have been presented to fulfil the need of WSNs (Sohrabi et al., 2000) . The majority of the algorithms intended for WSNs focus mostly on maximising the network lifetime by minimising the energy utilisation. Researchers suggest that a successful method for dealing with the scalability and lifetime for WSNs is clustering (Banerjee and Khuller, 2001; Younis et al., 2003) . Clustering offers numerous advantages, besides supporting network scalability; it can confine the set-up of a route inside the cluster and consequently decrease the routing table size maintained by individual nodes. Clustering preserves the bandwidth as it confines the extent of intercluster communications to cluster heads (CH) and keeps away from unnecessary transaction of messages between nodes (Abbasi and Younis, 2007; Lai et al., 2012) . Clustering organises nodes into diverse clusters, with a leader node recognised as the CH in every cluster accomplishing the collection and transmission of data for member nodes of cluster. Figure 1 shows the clustering method in WSN. The key idea of hierarchical routing protocols is dividing the entire network into some levels with every level performing dissimilar jobs (Liu, 2012; Liu and Shee, 2012; Naeimi et al., 2012; Singh and Sharma, 2015) . Low Energy Adaptive Clustering Hierarchy (LEACH) is an influential algorithm in hierarchical protocols family (Heinzelman et al., 2000) . In LEACH, the purpose is divided into rounds, every round consists of two phases: a set-up phase and steady-state phase. In first phase, cluster formation and CHs are chosen in accordance with certain rules. In second phase, the CHs collect data and process it and subsequently forward it to distant base station (BS). The CH is probable bottleneck since it is does so many jobs. If a CH fails, data will never get to the sink, the cluster will be of no use. Then the various modifications of LEACH are proposed in literature, LEACH-C is one of them (Heinzelman et al., 2002) . LEACH-C varies from LEACH as it makes use of a centralised algorithm to choose cluster heads in every round, but it requires that each node must convey its information to BS. Regardless of whichever the protocol may be, the presence of CH in the cluster evades the lengthy communication distance to the BS in transmission phase of every node. Meantime, the accumulation of the data on CHs reduces the amount of redundant data messages coming from diverse non-CH nodes. Because of intrinsic feature of LEACH as well as LEACH-C, futile energy expenditure caused by reasonable electing rule and large rate of reclustering between nodes will provoke the irregular energy circulation and ruin a firm quantity of energy in entire network.
The major contribution of this paper is that an improved clustering algorithm with help of PSO method is proposed. The rest of the paper is planned like this. We focus on LEACH and centralised version of it (LEACH-C) in Section 2. We illustrate our new clustering algorithm and its analytical study in Section 3. We analyse the performance of these three algorithms in Section 4. Finally, Section 5 concludes the work.
Related work
On the basis of network structure, the routing protocols are categorised into flat structure, hierarchy or cluster-based, and location-based protocols. In this part of the paper, we focus on the hierarchical protocols reported in the literature by the researchers. LEACH is one of the most influential protocols of this category.
Classification of cluster-based routing protocols
There are numerous parameters whereupon modifications in LEACH protocol are performed and deviations of LEACH are present in the literature (Awad, 2012; Heinzelman et al., 2002; Shelke et al., 2016; Verma et al., 2015; Yassein et al., 2009; Ye et al., 2005) . 
LEACH
LEACH is the most famous clustering routing protocol in WSN. In this protocol, the nodes inside an installed region are structured into clusters and the communication method is separated into rounds (Heinzelman et al., 2000) . Each round is composed of set-up phase and steady-state phase. In the communication procedure, every cluster has a head node recognised as cluster head (CH) which initiates and operates a TDMA slot table utilised by its non-CH nodes to find at what time to transmit data packet. The CH mostly gathers the data expected from non-CH nodes and performs some data fusion to remove the redundancy and afterward transmit it to BS.
In LEACH, operation is divided into rounds and each round consists of two phases.
Set-up phase
During cluster formation stage, every node makes a choice whether or not to be converted into a CH for present round depending on a certain measure. The decision is completed by a node in selecting a random number in the range (0, 1]. If chosen number is smaller than a threshold, the node turns out to be a CH for current round. The threshold T(n) is given as:
where p represents the fraction of CHs in the net, r is the present round number G is the group of nodes which have not been the CH in functioning round.
Each chosen CH for present round broadcasts an advertisement (ADV) message to remaining nodes. In this phase, every non-CH node makes a decision about which cluster to join on the basis of signal strength of advertised message obtained. Once each node decides in which cluster it resides, the other nodes report to their CHs about their will to be cluster members. The CH nodes receive all join messages from its members. The head nodes (CHs) create a TDMA timetable and transmit it to the members of the cluster. Hence, all non-CH nodes acquire their idle slots in support of data communication, and subsequently steady-state phase initiates. The clustering in LEACH protocol is shown in Figure 3. 
Steady-state phase
The formation of a CH in every cluster during set-up phase gives an assurance in support of the data transmission in steady-state period. Every node begins the communication to its head node depending on their TDMA timetable. Such communication uses least quantity of energy. The radio of every non-head node will be switched off till their allotted communication time comes, thus minimising energy expenditure in such nodes. The CH should keep its receiver turned on to collect the entire data. When the entire data have been obtained, CH aggregates these data and forwards it to sink. After definite time in this phase, CHs are repeatedly elected during the set-up phase. 
LEACH-C
Derived from LEACH, LEACH-C also arranges the nodes into various clusters and splits a round into two phases as: setup and steady-state (Heinzelman et al., 2002) . It varies from LEACH merely as it exploits high energy BS to accomplish the selection of CHs. In set-up stage of every round, each node forwards its energy data to the distant BS. Afterward BS chooses the CH on the basis of energy data and transmits the IDs of CHs to other members. This process can incorporate that the higher energy node has more possibility to become CH in present round. However, in this stage, each sensor node must send its ID and energy data to distant base station to contend for the job of CHs, which causes energy expenditure on large distance transmission. Equation (2) gives more explanation of the influence of transmission distance on energy:
where E trans denotes the energy consumed in transmission phase; E lec denotes the energy consumed in electronic circuitry;
 fs &  mp is the power utilisation of transferring the 1-bit of data in free space and multi-path conditions, respectively. The clustering in LEACH-C is shown in Figure 4 . 
Drawbacks of cluster routing protocols
Although cluster routing protocols act in an excellent way, they also have many weaknesses. Here, we focus on the drawbacks of LEACH and LEACH-C protocols. These two protocols suffer from drawbacks given as:
i
Election of CHs is in random fashion
ii The rate of reclustering is high so the firm amount of energy is wasted
iii It covers only small area iv Distribution of CHs is uneven v Data redundancy is high in the system because data collection is performed by all nodes of the cluster vi LEACH protocol is not appropriate for large-scale networks because of single-hop communication among CHs and sink node.
Proposed method
Inspired by LEACH and added improvements to LEACH (especially LEACH-C), we propose an amendment in CH selection method to lessen energy utilisation. For WSN, we put together the following two assumptions, first one is: the sensor nodes are homogeneous and have data fusion capabilities; and second one is: the sink node or BS has high energy and fixed. The efficient clustering protocol is supposed to follow a few rules such as: i
The CH must have more remaining energy. The cluster head carries out the duty of retaining the cluster and transmission process. Hence, it will use the added energy. If head node doesn't have sufficient energy, the cluster's lifetime will be reduced.
ii The CH ought to be close to the BS. The CH forwards the aggregated data to remote BS. If the distance among CH and BS is large then much energy will be used for communication.
iii The size of cluster must be adequate. In a large cluster size, the conversation between border line cluster members and CH uses too much energy. Otherwise, several member nodes may cause more collisions. Conversely, a small size cluster has a short recognition range and the frequent CH changes which cause more energy expenditure. The size of cluster needs controlling to facilitate the vicinity of cluster.
In this paper we propose an improved cluster-based routing protocol based on LEACH protocol to optimise the energy expenditure of nodes. This paper achieves the above by defining a desirable fitness function of PSO.
PSO
Particle Swarm Optimisation (PSO) is a bio-inspired optimisation technique to solve the complex problems in diverse areas (Kennedy and Eberhart, 1995; Kulkarni, 2010; Li and Hu, 2016) . PSO optimises problems in accordance with a sequence of candidate solutions. It can explore extremely large range of candidate solutions exclusive of any assumptions. So, PSO is extremely suitable to use in improvement of the clusterbased routing protocols in WSNs (Cui and Gao, 2012) .
Position of individual particles update as follows:
with velocity calculated as follows: 
Proposed improved cluster-based routing algorithm
The flow chart of the proposed improved algorithm is shown in Figure 5 . It includes some main steps as follows:
Step 1: Dividing the network into some clusters Let the network contain N number of nodes, and split into M clusters, this means there are N/M nodes in every cluster. Firstly, draw a splitter to make the complete system into two regions with equal number of nodes, and split line would be given as:
where (x, y) is the position on the splitter, Ɵ is the angle among splitter and x-axis.
The fitness function is defined as:
where c i represents the amount of nodes in region i. The f i would be find out by equation (5).
where M i is the expected value of nodes in region i. Then, we would complete the first division. The cluster division algorithm is composed of steps as follows:
where X xid , X yid , correspond to the position of particle; X Ɵid is the angular of splitter; V xid , V yid , V Ɵid are the search speeds in 3D space and they would be determined as follows:
where c 1 , c 2 are the study factors; ω is the weighted factor; rand() is a random number generating function in range (0, 1].
Step 2: Election of cluster head
Once we get the cluster with identical nodes, head node of cluster known as cluster head (CH) would be selected. So as to balance the energy of each node in the cluster, node with more remaining energy would have high chance to be CH. Firstly, an energy threshold η would be set up. Secondly, cluster nodes would be divided into two sets: high energy nodes (remaining energy is more than η) and low energy nodes (remaining energy is less than η). The difference of energy between high energy node and low energy nodes is α. The probability of high energy nodes and low energy nodes to be cluster head is calculated by the formula as:
We use len P , hen P as P in calculation method of T(n) explained earlier, and then we can say:
Each node would have storage model to reserve the information between self and neighbour node, including location, existing energy, neighbour node location and existing energy, and so on.
Step 4: Data transmission to sink node When the cluster heads have been chosen, the networks go into data communication phase. Here, procedure is same as in LEACH.
Simulation results and analysis
In this section, we evaluate the improved algorithm with MATLAB 2015a. A network system of 100 nodes is organised in 100 m × 100 m area with base station at (100, 175). The key parameters of simulation are depicted in Table 1 . For the comparative analysis of our proposed algorithm with novel LEACH and LEACH-C, we take the parameters as: energy consumption, first node dead, half of nodes alive over simulation, throughput, and packet delivery ratio. Simulation results are shown in Figures 6-10. The overall aim is to maximise the lifetime of WSNs (Hoang et al., 2013; Kumar, 2014; Soro and Heinzelman, 2005) and also consider the security and coverage issues during designing the routing algorithms (Cui and Cai, 2011; Singh and Sharma, 2016; Zhou et al., 2013) .
Conclusion
In this paper, a conventional LEACH along with its centralised version (LEACH-C) is described and a novel cluster-based routing algorithm is projected. The new algorithm attains energy proficiency by using PSO in cluster formation phase and data transmission phase. Simulation results confirm that proposed algorithm is an efficient method used in WSN. The proposed method outperforms the LEACH and LEACH-C. This method can increase the energy proficiency and prolong the network lifetime.
